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PREJUB - A COMPUTER CODE FOR THE PRELmENARP ANALYSB O F  

TWO -DIPJLENSIONAL PULSE HEIGHT ANALYZ ER DATA 

by Thor T .  Semler 

Lewis Research Center 

SUMMARY 

A computer program, PREJUD, has been developed for the processing of two- 
dimensional analyzer, pulse height data. The program provides an automated separation 
of gamma counts from neutron counts and produces data in a format suitable for  input into 
spectrum unfolding codes, fo r  example, FERDOR. 

A strategy for  the separation of gamma and neutron counts is detailed. Data smooth- 
ing techniques and a spline interpolation technique a r e  described in some detail. 

An example of the unfolding of data from a plutonium-beryllium source is shown to 
illustrate the use of the code. 

INTRODUCTION 

It has been found experimentally that the overall shapes of the scintillation pulse in- 
duced in t rans -stilbene and other organic scintillators by gamma-rays and fast neutrons 
differ (ref. 1). This effect has been used a s  the basis of a technique (pulse shape dis- 
crimination) demonstrated by Brooks (ref.  2) to use organic scintillators to discriminate 

between gamma-ray and neutron induced scintillations. Details of the circuitry developed 
for  pulse shape discrimination can be found in reference 1. 

At the Lewis Research Center a modified Owen pulse shape discrimination circuit 
has been used (ref. 3) .  The output of the pulse shape circuit and a linear output from the 
photomultiplier tube a r e  amplified and recorded in a 4096 channel two-dimensional ana- 
lyzer. The proton recoil and Compton recoil spectra a r e  measured and the FERJDOR 
code (ref. 4) is used to unfold the proton recoil spectra. 

Generally, the preparation of data for  the F E m O R  eode has been done manually 
(ref. 5). The PREJUD (preliminary - adjustment of data) code described herein allows - - 
one to prepare suitable input "c FFERDOR, o r  other proton recoil spectra unfolding codes, 



from the multichannel analyzer data with up to four different gain settings and a minimu111 

of inspection . 

P m B L E M  ANALYSTS 

The data from a single experiment, one gain setting and one counting time, a r e  pro- 

vided as a two-dimensional a r r ay ,  64 by 64, of count rate  as a function of energy. The 

results of a well resolved experiment for one gain setting a r e  shown in figure 1. The 

first phase of the data analysis is the separation of the gamma induced counts from the 

neutron induced counts to  provide a se t  of neutron counts as a function of energy. The 

technique used is described in the next section, MINWIUM FINDING STRATEGY. Next 

the process is repeated for  the background, if any, which is then subtracted from the 

data. If more  than one gain setting has been used, the previous steps a r e  repeated to 

provide several  s e t s  of neutron induced counts as a function of energy. Next these se t s  

of data a r e  smoothed to  remove some of the experimental scat ter .  The smoothing tech- 

niques a r e  derived in the section SMOOTHING TECHNIQUES. The se t s  of smoothed data 

a r e  then normalized to  the same gain setting and merged. The merged data a r e  smooth- 

ed,  and then these resul ts  a r e  interpolated and extrapolated at specified energy points s o  

as to  provide input to  the code FERDOR (ref. 4). The interpolation is described in the 

section S PLINE INTERPOLATION. The extrapolation techniques (low energy and high 
energy) a r e  given in the section EXTRAPOLATION O F  DATA. The e r r o r  estimate given 

these interpolated and extrapolated values is detailed in the ERROR ANALYSIS section. 

An example of the use of the codes PREJUD and FREDOR is shown in the RESULTS sec -  

tion. The data input for  the program is given in appendix A and the program listing i s  

given in appendix B. 

MINIMUM FINDING STRATEGY 

As indicated in the section on PROBLEM ANALYSIS, the f i rs t  task of the code is the 

separation of counts into electron recoil counts caused by gamma rays and proton recoil 
counts caused by neutrons. This is accomplished by searching along rows of equal energy 

for  the f i rs t  minimum and summing to the left for electron recoil counts and to the right 

for proton recoils. Half of the minimum is added to  each sum. An idealized situation 

i s  shown in figure 2 ,  where the minimum between the Compton recoil spectra  and the 

proton recoil spectra  i s  easily discerned. The technique used to separate the two se t s  of 

counts is described in this section and shown in flow chart form in figure 3. 

(1) A row of counts Ai (i = Ii 64) corresponding to the same energy is read into the 
g' 



minimum finding subroutine, where 1 i s  the n u r ~ ~ b e r  of columns ignored, if any. 
g 

(2) Yf a minimum Lin has been found in a n  ear l ie r  row of Chis data se t ,  s t a r t  the 

minimum search five positions lo  the left of the ear l ier  minimum and then go to s tep (12). 

(3) If the magnitude of any of the f i rs t  four data cells i s  greater  than 100, go to 

s tep (11). 

(4) Check for  zeros in the f i r s t  three data cells. If all a r e  zero,  go to s tep (9). 

(5) Set i to two larger  than the f i rs t  data cell in this row. Check for  two sequentially 
ze ro  data cells.  If they a r e  found, go to  s tep (7). 

(6) Increment i counter by one and return to s tep (5). 
(7) Subtract 1 from i and sum from left to i for  electron recoil  counts and from i 

t o  right for  proton recoil counts. 

(8) Set imin equal to  i and return to calling routine. 

(9) Sum entire row since there  a r e  no electron recoil  counts and set  equal to proton 

recoil counts. 

(10) Set imin equal to f i r s t  data cell i and return to  calling routine. 

(11) Set i equal to one la rger  than f i r s t  data cell i. 

(12) Check for condition Ai > Ai < Ai+l; if this condition is satisfied, go to 
s tep (17). 

(1 3) Check for  condition Ai > Ai- = Ai < Ai+ i f  this condition is satisfied, go to  

s tep (17). 
(14) Check for  condition Ai > Ai-2 = Ai-l = Ai < Aicl; i f  this condition is satisfied, 

go to s tep (17). 

(15) Check for  Ai = 0; if it is t rue,  s e t  imin = i and go to  s tep (19). 

(16) Increment i by 1 and go to  s tep (12). 

(17) If A i  > (Ai+l - 3  , go to s tep (22). 
(18) If Ai > Ai+2, go to s tep  (16). 

(19) Set imin = i and perform double summing. 

(20) If the sum of the proton recoil counts is less  than seven t imes the counts in 

Ai, min o r  i f  the ratio of electron recoil counts over proton recoil counts i s  greater  than 

104, the sums and imin a r e  s e t  equal to zero. 
(2 1) Return to the calling routine. 

(22) If any of the differences (Ai+4 - Ai), (Ai+3 - Ai), o r  (Aic2 - Ai) i s  negative, a 

local minimum has not been found and the code returns to s tep (16). 

SMOOTHING TECHNIQUES 

Once the data have been resolved and stored i n  bins corresponding to  the channel 

energy, they may be smoothed prior  to normalization and spline fitting. Comment cards 



a r e  inserted in the code listing (appendk B) indicating how one may either smooth t h e  

data rnore o r  may elinlinate nlost of the smoothing. A five point least squares fit of tile 

log counts has been ellosen to smooth these data. The log counts have been chosen s o  as 
not to  accerltuate large count ra tes  in the smoothing. Since the curvature may well be 

changing considerably between data points, a five point least squares parabola has been 

constructed to snlooth the equal interval data. 

Begin by taking five points centered on (x0) yo), that i s ,  ( x - ~ ,  Y - ~ ) .  ( x - ~ ,  Y - ~ ) ,  (x0, 
yo), (xl,  yl), and (x2 ) y2), and transform the abscissa values s o  that the transformed 

values a r e  (-2, Y - ~ ) ,  (-1, Y - ~ )  (0, yo). (1) yl)) and (2, y2). What then is F(xO)) the 

smoothed least squares value of yo?  Let the approximating parabola be given by equa- 

tion (1): 

where XT is the transformed X value. 

Thus, the problem has been reduced to minimizing S, with respect to the coefficients 
ao, a l )  and a2 ,  where S i s  given by equation (2) 

Hence, the normal equations a r e  

Since the foliowing relations hold, 



we may sinlplify the normal equation in the following manner: 

The value of the parabolic equation (1) obtained at XT = 0 is ao; therefore, one 

may solve the system of preceding equations for  ao: 

Adding the two previous equations and solving fo r  a. gives the following expression: 

A smoothing of this variety with endpoint corrections (ref .  6) is performed on the 

log counts pr ior  to the normalization of the data and the spline fitting of the results.  

Once t h e  results of measurements for  several gaiii settings have been normalized t o  
the same gain sett ing and merged into the same data s e t ,  a least squares weighted ex- 

ponential th ree  point smoothing is performed on the  merged data s e t  (ref. Sf .  The mid- 



point is weighted by unity and the two surrounding points a r e  weighted by the ra t io  of 

thei r  errors t o  the centra l  point e r r o r .  T h i s  final smoothing produces a smooth s e t  of 
data suitable f o r  spline fitting and h te rpo la t ion .  

SPLINE INTERPOLATION 

Once the data points have been obtained in a suitable form, normalized to  same gain 
setting, and merged, the data must be interpolated at arbi t rary energy points to provide 
input data to  a spectrum unfolding code, such as FERDOR. A spline interpolation has 
been chosen for  this code, s o  as not to  introduce extraneous undulations into the proton 
recoil spectrum, as a least squares polynomial fitting of the data might. 

A spline is a device used in drafting for  drawing smooth curves; it consists of a 
flexible s t r ip  of wood o r  metal which can be bent to  pass through any points. If the spline 
is uniformly flexible and if it l ies along the plane curve y = F(x), its potential energy is 

where X is a proportionality constant. The form of the spline is such as to  minimize 
equation (3) consistent with the constraints imposed by the points it passes  through. A 

2 mathematical spline is defined in the same manner except that the Ff(x) t e rm is re -  
moved. 

A cubic spline has the following three features: 
(1) If there exists a se t  of numbers a = xo < xl . . . . < xN = b and a set  of cor  - 

responding y values yo, yl, . . . , yN, the cubic spline F(x) satisfies F(XK) = yK 
(K= 0, 1, . . . , N). 

(2) F(X) and Ft(X) a r e  continuous (Xo, XN). 

(3) f xN [F"(x)I2 dx exists in the interval (Xg XN) and is minimized subject to  
Xo 

the two features previously given. The cubic spline is constructed in the following manner 
( re fs .  8 and 9): Let S.  = Xj+l - X. and t .  = FM(X.) in the interval (X., Xjtl) .  F(X) is 

J J J J J 
then 



The condition that F'(X) is continuous at X. is expressed a s  
J 

The values of t2 ,  . . . , tn-l a r e  determined from the solution of the matrix equa- 
tion 

where 

and the jth element of B is given by 

The coding details a r e  given in reference 9. 
The spline interpolation thus provides a smooth interpolating function, without the 

difficulties introduced by polynomial curve fitting; fo r  example, polynomial curve fitting 
often introduces extraneous detail into the data, undulations not found in the data (ref. 10). 



EXTMWLATION OF DATA 

The values at  which interpolated data a r e  required a r e  fixed i n  the FEmBR input, 

At t imes the experimental values do not span the energy region required by F E m O R .  

Thus, the code P W J U D  has provision for both 'low-energy and high-energy extrapolation. 

In both regions (low and high energy) weighted least squares exponential curve fits have 

been used (ref .  7).  
For  the low-energy extrapolation the f i rs t  three low-energy proton recoil  counts a r e  

weighted 10.0, 1 . 0 ,  and 0. 1 and an exponential is fitted in the weighted least  squares 

manner and the FERDOR low -energy points a r e  thus extrapolated. 

The high-energy extrapolation uses  the last five points with more than 25 counts per  

point and weights them 1,  2, 4 ,  8, and 16. One may easily change the value to a s t i l l  

smaller  number of counts o r  la rger  as noted in the comment cards.  Again a weighted 

least squares  exponential fit is performed and used to extrapolate the data. 

The extrapolations join the spline approximation in a smooth manner because of the 

rather large weights given end points. 

ERROR ANALYSIS 

As the FERDOR code requires not only counts, at  previously decided upon energies,  

but count e r r o r s  as well, the code PREJUD computes the e r r o r  associated with each 

energy point pr ior  to normalization. It computes the square root of the number of counts 

as the standard deviation of each point. If the data a r e  normalized, the e r r o r s  a r e  nor- 

malized a s  well. 

In order  to ascertain the e r r o r  of one of the interpolated points, the code determines 

the e r r o r s  of the two surrounding points and uses  a linear interpolation of the e r r o r s .  

The e r r o r s  associated with the low-energy extrapolation a r e  in the same ratio as the 

lowest energy data point. That is, if the lowest energy data point is 10 000 counts with 

an e r r o r  of 100 counts, an extrapolated point of 50 000 counts would have an e r r o r  of 

500 counts. 
The e r r o r s  associated with the high-energy extrapolation a r e  the same as the e r r o r  

of the last  point used in the extrapolation. That is, if the last  point used is 36 counts with 

an e r r o r  of 6 counts, an extrapolated point of 3 counts will be assigned an  e r r o r  of 6. 

RESULTS 

Example of Use of PREJUD 

A Pu-Ee source h a s  been rneas~rred with a I -  by f -inch (2. 54- by 2 .  54-em) liquid 



organic scintillator operabed at three gain settings, with correction for background. A 
separation of t h e  proton recoil speetrunl has been performed manually. Wrthermose the 

input for P E m O R  bas been i n k ~ o l a t e d  by h a d .  This proton-recoil spectrum has been 

unfolded by FERDOR to obtain a neutron spectrum. The same data have been treated by 

the code PREJUD and unfolded by FEEtDOR. The results of the manual-FERDOR and 

PREJUD-FERDOR a r e  compared in figure 3. The unfolded neutron spectra  from these 

two analyses a r e  shown as two cross-hatched regions one standard deviation about their 

respective mean spectra.  

Discussion of Example Problem 

It is found that the two spectra  overlap (are  statistically equivalent) over the range 

of neutron energies from about 1 to  10 MeV. Given more  analyzer channels in the low - 
energy region and adequate counting statistics in the high-energy region, the results of 

hand analyses and PREJUD - FERDOR unfoldings should match over the entire energy 

range. 

The reason for the rather spread of the PREJUD-FERDOR spectrum is the rather 

conservative estimate of e r r o r ;  that i s ,  PREJUD uses a linear interpolation of e r r o r  

values. The e r r o r  values estimated in hand analyses a r e  apparently associated with the 
smaller  e r r o r  of the two surrounding measured points. 

The hand calculation represents on the order  of a t  least 1 man day of work; whereas 

the execution time of PREJUD for this case was 0.54 minute on the Lewis IBM 7094-11. 

Lewis Research Center, 

National Aeronautics and Space Administration, 

Cleveland, Ohio, October 21, 1970, 

129 -02. 



INPUT E;$)mAT FOR PmJUD 

Card 1 Card colunlns 2 to 80 - Identification any valid Hollerith symbols 

Card 2 Card colunlns 1 to  5 - format 15, number of different gain settings fixed point 
number f rom 1 to  as many as 4 

Card 3 Card co lun~ns  1 to  30 - format  (2F10.5, 15, I5), gain setting information per -  
taining t o  following se t  of data: 

Columns 1 to 10 (F10. 5) Columns 11 to  20 (F10. 5) 
M B 

where energy of midpoint of each energy bin associated with this gain setting 

is Ernidpoint = M*row number + B (in MeV P's), 
Columns 21 to  25 (15) Columns 26 t o  30 (15) 
Number of rows ignored Number of columns ignored 

Card 4+ Column 2 - namelist format ,  $ FESS - IA=(Number of counts, row 1, column 1); 
then neglecting card column 1, all counts on 64 by 64 analyzer for  this gain 
setting, by columns, counts separated by commas 

Card 5+ Column 2 - namelist format,  $ FESS - IA=Same but background for this gain 
setting 

Repeat cards  3 ,  4+, 5+ for other gain settings. If more than one run is to  be performed, 
s t a r t  new se t  with card 1 and same deck format.  



C P R E J U D  PRDGRAM M A I N  DECK 
C 3 M M 3 N  I A  
D I M E Y S I O V  E ( 6 4 9 4 ) t I A ( 6 4 q 6 4 ) 9  N S U Y ~ ( ~ ~ ) ~ N S U Y ~ ( ~ ~ ) V M ~ N R ( ~ ~ ) V Y I N R ( ~  

1 4 ) v N S B 1 ( 6 4 ) 9 V S B 2 ( 6 ~ t ) q X 1 ( 6 4 )  d ( 6 4 )  p E R l ( 6 4 )  q X ? ( h 4 ) r Y 2 ( 6 4 ) q F C : 2 ( 6 4 ) ~ K  
2 3 (  4 4 I v  Y3( 6 4 I 9 E R 3 ( 6 4 l r X 4 ( 6 4 )  , Y 4 ( 6 4 )  ,EK4 (64 )  , Y S 1  ( S L )  , Y S 2 ( 6 4 )  v Y S - 4 )  
39 Y S 4 (  h 4 ) ,  X I N T (  2 5 6 )  ( Y I  N T ( 2 5 h l  g Y M N T ( 2 5 6 )  v F . R R O ( 2 5 6  1 . Y T E M P (  256 ) r  X T E M P (  
4 2 5 4  ) v Z ( 2 5 6 ) , N R  ( 6 4 )  

1 R E A D (  5 , 2 7 0 )  
W R I T E (  6 9 2 0 5 )  
WR I TE ( 61 2 0 0 )  
READ(  5 9 2 0 2 ) ' 4 3 F D  
I F ( N : I F C . G T . 4 )  GO TO 1000 
GLI TO 10') 5 

1 C n n  WP ITE( e,  2 ~ 1 )  
S TC) P 

1CC:F. !)C1 3''CIC I = l r N O F D  
R E A D (  5 , 2 1 5 ) X M r B , I C H N f  1 ZE 

2 1 5  F D R M A T ( ~ F L O . ~ V I ~ , I ~ )  
DO l O l C  J = 1 , I C H N  

1 C l C  E l J q I )  = 0.0 
I S T A R  1 = I C H Y  + 1 
DO 1 0 1 5  J = I S T A R l v 6 4  

1 6 1 5  E ( J q 1 )  = B + X M * F L O A T ( J )  
C A L L  K g  
M I  = 0 
DO 1 0 2 5  1 1  = I S T A R l q h 4  
DCl 1 0 2 C  J 1 = 1 ~ 6 4  

1 C 2 0  Y R ( J 1 )  = I A ( I l t J 1 )  
C A L L  D S M ( ( N R , N S U Y l . r N S U M 2 v M I  91  1 v I  Z E )  

1 3 2 5  Y I V R (  I 1 )  = Y I 
C  A T  T H I S  P O I V T  I N  C O M P U T A T I O N S  THE M I N I  MUM C O L U M N  NOS. ARE S T O R E D  I N  
C. M I N R ( 6 4 )  F 0 9  T H I S  G A I N  S E T T I N G .  

C A L L  R D  
YR = 9 
DO 1 0 6 5  I 1  = I S T A K l v h 4  
D? 1 0 4 C  J l  = 1 9 5 4  

l C 4 C  U K ( J 1 )  = I A ( I l r J 1 )  
C A L L  D S U Y ( N i ~ N S B 1 v N S S 2 ~ M R v I l v I Z E I  

1 C 4 5  q I Y R (  1 1 )  = M? 
C AT  T H I S  P O I N T  I N  C O M P U T A T I O N S  THE M I N I Y U M  C O L U Y N  N n S .  OF THE B A C K -  
C GRDUND ARE ST11RED I N  M I N B ( 6 4 )  FOR T H I S  G A I N  S E T T I N G .  

GCI TO ( 2 0 0 ' 3 9 2 2 0 ? t 2 4 0 0 r 2 h O O )  9 1  

C F I R S T  S E T  OF D A T A  
2C,OO DO 2 9 0 5  I 2 =  1 v 6 4  

X 1 (  I Z ) =  E ( 1 2 ~ 1 )  
Y 1 (  1 2 )  = F J S U M 2 ( I Z ) - N S R 2 ( 1 2 )  

20C5  F R 1 (  1 2 )  = S Q ? T ( A B S ( Y l  ( 1 2 ) ) )  
0 3  2 0 l C  1 3  = I S r 4 R 1 9 6 4  
I 2  = I 3  - I C H N  

X i . (  E Z )  = X i i Y . 3 9  
Y l (  KL = V l i  1 3 )  



ZOlr E R l ( I Z l  = E R k f f 3 1  
2011 I C L E A N  = 6 5  - ICPZM 

01) 2 0 1 2  % C L E  - E C L E A " \ L r h 4  
X I (  I C L E )  = 3,C! 
MI( I C L E )  = o e n  

21-12 F R ~ ~ I C L F )  = o , o  
4 F O P M A T {  1 t l a p 6 X * 4 2 H F I R S ' T  S E T  OF D b i A  E N E R G V p C r S . l M T S p  AWD FUROR m 1 

W R I T E (  6 v 4 )  
W R I T E (  t , 3 ) ( X l ( I K ) r Y 1 ( I K 1 9 E R l ( I K )  rIK=l 9 4 4 )  

3  F 3 P M A T I 3 G l b . R )  
2 0 1 5  I F ( Y l (  l ) . G T . O . Q )  GO T O  2 0 3 0  

DI) 2020 I 4  = 1 9 6 3  
X 1 (  1 4 )  = X l ( I 4 + 1 )  
Y l (  1 4 )  = Y 1 ( 1 4 + 1 )  

2 r - 2 0  F R l ( I 4 )  = E R I . ( 1 4  + 1 )  
GO 13 2 0 1  5  

2 C 3 0  V 3 F 1  = 0 
D O  2 0 3 5  I 5  = 1964 
I F ( Y l (  I 5 I . G T . O . O )  N O F l  = N O F l  + 1 
I F (  Y 1 (  I S )  .LE.O.O) GO T n  2 0 4 0  

2 C 3 5  C O N T I N U E  
2 0 4 0  NP = N O F l  + 1 

03 2 0 4 5  1 6  = N P . 6 4  
X l (  1 6 )  = 0.0 
Y  l (  I 6  = 0.0 

2 0 4 5  F R l (  1 6 )  = 0.0 
GO TO 3000 

2 2 0 0  DO 2 7 0 5  1 1 2  = 1.64 
X 2 (  1 1 2 )  = E ( 1 1 2 9 I )  
Y 2 (  1 1 2 )  = N S U M 2 ( 1 1 2 )  - N S B 2 ( 1 1 2 )  

2 2 0 5  F R 2 (  1 1 2 )  = S a R T ( A B S ( Y 2 ( 1 1 2 )  1 )  
DO 2 2  10 I 13=I  S T A R  1 r 64 
I Z 1  = I 1 3  - I C H N  
X 2 (  1 2 1 )  = X 2 ( 1 1 3 1  
Y 2 (  I Z 1  = Y Z ( 1 1 3 )  

2 2 1 0  F R Z ( I Z 1 )  = E S 2 ( 1 1 3 )  
2 2 1 1  I C L E A N  = 65  - I C H N  

DO 2 2 1 2  I C L E  = I C L E A Y . 6 4  
X 2 (  I C L E )  = 0.0 
Y 2 (  I C L E )  = 0.0 

2 2 1 2  E R Z (  I C L E )  = 0.0 
5  F O R N A T ( l H 1 9 4 X * 4 3 H S E C O N D  S E T  O F  D A T A  E N E R G Y , C O U N T S I A N D  E R R f l R . 1  

W R I T E (  6 9 5  
W R I T E (  t r 3 ) ( X 2 ( I K ) w Y 2 ( I K )  9 E R 2 ( I K )  9 I K  = 1 ~ 6 4 )  

2 2 1 5  I F ( Y 2 (  1 ) e G T . O . O )  GO T O  2 2 3 0  
DO 2 2 2 1 )  1 1 4  = 1 9 6 3  
X 2 (  1 1 4 )  = X 2 ( I 1 4  + 1 )  
Y 2 (  1 1 4 )  = Y 2 ( % 1 4  4 1) 

2 L 2 C  E R Z ( I 1 4 )  = E R Z ( I 1 4  4 1 1  
GO TO 7 2 1  5 

2 2 3 0  N O F 2  = O  
DO 2 2 3 5  1 1 5  = 1.64 
I F ( Y 2 (  1 1 5 )  .GT.O.r l l  N 3 F 2  = N O F 2  + 1 
I F ( Y 2 t  I15I.bE . 0 , 0 )  G O  T O  2 2 4 0  

2 2 3 5  C O V T I N U F  
274'2 N P  I = NOF 2  + I 

DO 2 2 4 5  I 1 6  N P L e 6 4  
X Z l  1 1 6 )  = O e f ,  

V Z (  1 1 6 )  = o,n 



2 2 4 5  F R 2 l  l b b i  = 0 - 0  
eo ra zoos 

P4C" DD 2405  I221  .: 1 9 6 4  
X3( 1 9 2 )  = E l  1 2 2 9 1  1 
V3(  I 2 2  B = N S U M Z ( I 1 Z I  - N S B 2 t I 2 2 )  

2405  f R 3 t  % 2 2 1  = SQWV(ABStV3t1221 1 )  
DPI 241C 1 23  = ISTAR1964  
I b 2  = I 2 3  - ICHN 
X3(  1 2 2 )  = X 3 ( 1 2 3 )  
Y3( 122) = Y3(  1 2 3 )  

2410  € R 3 ( I Z ? )  = E R 3 ( 1 2 3 1  
2 4 1  1 ICL EAN = 6 5  - ICHN 

0 0  2 4 1 2  ICLE = ICLEAN964 
X3( I C L E )  = 0.0 
Y3(  I C L E )  = 0.0 

2 4 1  2  ER 3 (  ICLF 1 = 0.0 
6 FORMAT( l H l q 6 X * 4 2 i i T ' i I 9 D  S E T  OF DATA ENERGYqCOUNTS+ANO ERROR. 1 

WRITE( 696 1 
WRITE( 6 . 3  ) ( X 3 (  I K )  e Y 3 ( I I O  r E R 3 ( I K )  , I K = l  , 641  

2415  I F ( Y 3 (  1)eGTeOeO) GO TO 2 4 3 0  
DO 242C I 2 4  = 1 9 6 3  
X3( 1 2 4 )  = X 3 ( I 2 4  + 11 
Y3( 1 2 4 )  = Y 3 ( 1 2 4  + 1 )  

2 4 2 0  E R 3 ( 1 2 4 )  = E R 3 ( 1 2 4  + 1 )  
GO TO 2415 

2 4 3 0  N 3 F 3  = 0 
DO 2435  I 2 5  = 1.64 
I F ( Y 3 (  1 2 5 )  .GT.0.0) NOF3 = NOF3 t 1 
I F (  V3( 1 2 5 )  eLF e O - 9 )  GO TO 2 4 4 0  

2 4 3 5  CONTINUE 
2 4 4 0  NP2 = NOF 3  + 1 

DO 2 4 4 5  1 2 6  = NP2.64 
X3( 1 2 6 )  =O.O 
Y 3 ( 1 2 6 )  =O.O 

2 4 4 5  ER34 1 2 6 )  = 0.0 
GO TO 3030  

260C 0 0  2605  1 3 2  = 1.64 
X4( 1 3 2 )  = E (  132 .1 )  
Y4(  1 3 2 )  = NS lJMZ( I32 )  - N S 8 2 ( 1 3 2 )  

2 6 0 5  ER4( 1 3 2 )  = S Q R T ( A B S ( Y 4 t I 3 2 ) ) )  
Dn 2 h l C  I 3 3  = I S T A R l * A 4  
123 = I 3 3  - ICHN 
X4( I23 1 = X4( 1 3 3 )  
Y4( I L  3 = Y4( 1 3 3 )  

261C F R 4 ( I Z ? )  = E R 4 1 I 3 3 )  
261  1 ICL EAN = 6 5  - ICHN 

DO 2612  ICLE = ICLEAN.64 
X4( I C L E )  = O e O  
Y4(  I C L E I  = 0.0 

2 6 1 2  ER4( I C C F  ) = 0.0 
7 F09MAT(1Hlr6X,43YFOUQT4 SET OF DATA ENERGYICOUNTS~AND ERPOR.1 

W R I T C (  6.7) 
W R I T E ( 6 * 3 ) ( X 4 ( I K )  9 Y 4 ( I I < )  q E R 4 ( I K )  , I K = l  ( 6 4 )  

2 t b 5  I F ( Y 4 (  l ) ,GT.O*O) GO TO 2 6 3 0  
DO 9 6 2 0  I 3 4  = l p 6 3  
X4( 1 3 4 )  = X4( 1 3 4  -+ 1) 
Y 4 ( i 3 4 i  = Y i p t i 3 4  + 1) 

2620 E R 4 ( % 3 4 )  = E R 4 l B 3 4  + 1 )  
GO TO 2615  



2 6 3 6  & O F 4  = 0 
Dn 9 6 7 5  1 3 5  1 9 6 4  
I F ( P d 4 4  6 3 5 ) e G T a O m Q )  R O F 4  = N O F b  + k 
I F (  V 4 (  135 )  ,LF m 0 - Q )  G3 TO 2 6 4 0  

2 6 3 5  C O M T I Y U E  
2 C 4 C  N P 3  = MOF4 + 1 

DO 2 6 4 5  f 36 = N P 3 p 6 4  
X 4 (  I 3 6  1  = 0.0 
Y 4 f  1 3 6 )  = 9.9 

2 6 4 5  E P 4 (  1 3 6 )  = 0.0 
Gn T o  3 0 0 0  

3 0 0 C  COY T I N U F  
N S T  = N n F  1 

C P E R F  THE F I R S T  S E T  OF D A T A  I S  SMOOTHED 
3 0 1 0  C A L L  S M ( Y  1 r N O F  l r Y S l l  

C C A L L  S S M ( Y S l e Y O F 1 )  C A q D S  M A Y  B E  ADDED OR T A K E N  OUT T O  F U R T H E R  
C  SMOOTH D A T A  *OR I N C R E A S E  F I D E L I T Y  T O  O R I G I N A L  D A T A .  HE9E 2  H A V E  
C  BEEY USED.  

C A L L  SSM( Y S l r N O F l )  
C A L L  SSM( Y S l r N O F l )  
I F ( N S T . E Q o N O F 1 )  GO TO 3 0 2 0  
N O  = N O F l  + 1 
DO 3 0 1 5  I M  = N D . 6 4  
X 1( I M  = 0.0 
V S L (  IM 1 = 0.0 

3 0 1 5  E R l ( 1 M  ) = 0.9 
3 0 2 0  I F ( ( N O F D  - 11 .LE .O)  S O  T O  3 2 0 0  

NST = NOF 2  
C  H E R E  T H E  SECOVD S E T  OF D A T A  I S  SMOOTHED 

3930 C A L L  S M ( Y 2 r N O F 2 * Y S Z l  
C  C A L L  S S M t Y  S 2 r N O F 2 )  C A R D S  M A Y  B E  ADDED OR T A K E N  OUT T O  F U R T H E R  
C S M 0 3 T H  D A T A * O R  I N C R E A S E  F I D E L I T Y  T O  O R I G I N A L  D A T A .  H E R E  2  H A V E  
C  BEEN U S E D *  

C A L L  SSM( Y S 2 r N O F 2 )  
C A L L  SSM( Y S 2 r N O F 2 )  
I F (  N S T e E Q  a N O F 2 )  GO TO 3 0 4 0  

N O  = N O F 2  + 1 
DO 3 0 3 5  I M  = N D . 6 4  
X 2 (  I M )  = 0.0 
Y  S 2 (  I M  ) = 0.0 

3 0 3 5  E R 2 ( I M )  = 0.0 
3 0 4 C  I F ( ( N 0 F D  - 2 ) e L E . O )  6 0  TO 3200 

N  S T  = NOF 3 
C  WERE T H E  T H I R D  S E T  OF D A T A  I S  SMOOTHED 

3 0 5 0  C A L L  S M ( Y  3 9 N O F  3 r Y S 3 )  
C C A L L  S S M ( Y S 3 v V O F 3 )  C A R D S  Y A Y  B E  ADDED OR T A K E N  OUT T O  F U R T H E R  
C  S M D 3 T H  D$Th,C!ii I N C R E A S E  F I D E L I T Y  T O  O R I G I N A L  D A T A .  H E R E  2 H A V F  
C BEEN USED.  

C A L L  SSM( Y S 3 , N O F 3 1  
C A L L  SSY(  Y S 3 r W O F 3 )  
I F ( N S T e E 3  s N J F 3 )  60 TO 3 0 6 9  
N D  = N O F 3  + 1 
00 3055 I M  = N O 9 6 4  
X 3 (  IM = Q.0 
Y S 3 4  I M )  = 0.0 

3C55 F R 3 b  H Y !  = 0-0 
3 P C C  IF(IN3FD - 3 I e L E , O )  S O  TO 3 2 0 9  

M"; = MNllF.4- 



G I-ERE THE FOURTH S E T  OF DATA [ I S  S Y O O T H k D  
3F)Sn CAL L S M ( Y 4 e N 3 F b Y S 4 )  

6 GALL S P " b ( ( Y S 4 p U O F 4 )  c b R D S  M A Y  BF ADnED Of< TWKEN OUT T O  F t J R V H F l ?  
C S M O S T H  D A T & * l l i i :  I N C W E A S ?  F I 3 E L I  T ' t  10 n R I G I N A L  D A T A ,  HFRF 2  HAVr 
C REEN USF(1, 

CALL SCM( YS4pM'IFS) 
CALL SSM( YS4sMOF4) 
I F (  NST .E? .NDF4) GO T3 3 7 0 0  

\ID = NOF4 + 1 
DO 3 0 7 5  I M  = ND.64 
X4( IM ) = 0.0 
YS't( 1'4 1 = 0.0 

3 0 7 5  ER4( I M  1 = 0.9 
G'l  TO 32CO 

320C GO T@ ( 3 3 0 0 1  3400 ,  3 6 0 0 9  3 8 0 W  NOFD 
33PO 00 3 3 0 5  I P I C  = 1vNOF1 

X I N T (  I P I C )  = X 1 1 I P I C )  
Y I N T f  I P I C  1  = YS1( I P I C  1 

3 3 6 5  ERRO( I P I C  = F R l (  I P I C  ) 
NALL = N O F l  
GO TO 4 0 0 0  

3 4 0 0  C S U B 2 l  = CON( X l r Y S l  r N O F l  r XZ vYS2 M F Z  1 
8  FORMAT( 1 H 5 ~ 3 X q  53HNORMALIZATION CONSTANT OF SFC'3YD DATA SET TO F I R S  

XT I S )  
WRIT€ (  6 9 9 )  
WRITE( 6 1 4 0 1 0 )  CSUB21 
I10 3405  I F 2 1  = 19NOF2 
YS2(  [ F i l l  = C S U B Z l * Y S 2 ( I F 2 1 1  

3 4 0 5  ER2( I F 2 1 1  = C S U B 2 l * F R 2 ( I F 2 1  1 
9 FORMAT( 5X 26Hh113RM4L I Z E D  SECOND DATA SET) 

WRITE(  C q q )  
WRITE( t t h 0 1 0 )  ( X Z ( I ) v Y S 2 ( 1 )  vERZ(1 )  91 = l r S 4 )  
DO 3 4 1 C  I R I C  = 1qNOFl  
X I N T (  I R I C  ) = X l ( 1 R I C )  
Y  I N T (  I R I C  1 = YS1( I R I C  1 

341C ERPT)(  I K I C )  = E R l ( I R I f . 1  
CALL YFPSF( Y I N T q Y J Y T t € R R O ~ N O F l ~ X 2 q Y S ? ~ E R 2 , N O F 2  VNALL) 

1 0  FORMAT( l H 1 9 5 X v  33HMER6FD F I R S T  AND SECOND DATA S E T 5  1 
WRITE( h r  1 0 )  
WRITE( 6 ,6010 )  ( X I N T ( 1  ) , Y I N T ( I  1  rERRO(1)  v I  = 1 9 1 3 3 1  
GO TO 4000 

36CC CSUR21 = CON( X 1 9 Y S l t N O F l v X 2  qYS2rNOF2) 
WRITE(6 .A )  
WRITE( C 9 6 0 l O )  CSUB21 
CStJB32 = CON( XZvYS2qNOF2rX3 cYS3 rNOF3)  

11 FOHMAT(4Xv 53HNORMALIZATIfJN CONSTANT OF THIRD DATA SET TO SECnYD I S  
X  1 

WRITE( 6.1 1 )  
WRITE(  t e h O l n )  CSUR32 
DO 3 6 0 5  I F 2 1  = 1qNOFZ 
YS2(  I F 2 1 1  = C S U 5 2 1 * Y S 2 ( I F 2 1 )  

3 t C 5  EP2(  I F 3 1 1  = C S U R 2 1 * E R 2 ( I F 2 1  
WP I TF ( 69 9 
h 1 9 I T E (  C v 5 0 1 Q ) ( X 2 ( I )  pYS2(I) oER2(1  ! 9 I = 1  964)  
D3  3SLO I F 3 1  = l r N O F 3  
YS3(  I F 3 1 )  = C  SUR32*CSUBZl*YS3 ( I F 3 1  1 

3 6 1 0  F R q (  I F _ " I )  = C SUB32+CSU521*ER3 ( I F 3 1  i 
1 2  F39MAf  f S X  s25HNOPMAbI9ED T H I R D  D A T A  SET) 

WR I T F (  6,121 



W R ~ T E ( ~ ~ ~ O ~ O ) ( X ~ ( % ) ~ Y S J ~ L ~ ~ ) E R ~ ~ L ~ B I ~ I ~ ~ ~ ~  
00 3 6 1 5  I S I G  1,MDF-1 
I ( P V T (  I S I C )  = X % f I % I C )  
YYVTPf  I S I C )  = ? / S k ( I S I C )  

3 6 1  5 E P 9 0 i  E SIC  ) = E R %  ( % S I C  ) 
C A L L  Y E R S E ( X I Y T ~ Y I N T ~ F R R O ~ M O F ~ D X ~ * V S Z  v E R ~ D N O F Z ~ N A L L ~  
NR I T E :  es 1 n; 
W R I T E (  6 9 6 0 1 0 1  ( X I N T ( I )  p Y I N T ( l )  p E R R O ( I  p I = 1 * 1 2 8 )  
Y O F M 1  = V A L L  
C A L L  Y E R G E ( X I N T v Y I N T 9 E R R O ~ M O F M l  ~ X ~ ~ Y S ~ V E R ~ ~ N O F ~ V N A L L )  

1 3  F O S M A T f  ~ H ~ P ~ X ~ ~ ~ H N O R M A L I  Z A T 1  O N  OF F I R S T  T H R E E  D A T A  S F T S  1 
W R I T E (  6 , 1 3 1  
W R I T E ( C 9 6 0 1 0 )  ( X I N T ( I ) ~ Y I N T ( I ) ~ E R R @ ( I ) I ) I = ~ ~ ~ ~ ~ )  

3 6 2 0  GO TO 4 0 9 0  
3 P 0 0  C S U B 2 l  = C O Y (  X 1  q Y S 1  q V O F l q X 2  e Y S 2 r N O F 2 )  

W R I T E (  6.8 1 
W R I T E (  6 q 5 0 1 0 )  C S U B 2 1  
C S U B 3 2  = C O N (  X 2 r Y S 2 t N O F 2 t X 3 r Y S 3 , N O F 3 )  
W R I T E (  6 9 1 1 )  
W R I T E (  6 e h O l O )  C S U B 3 2  
C S I l B 4 3  = C O N (  X ~ ~ Y S ~ V ' ~ O F ~ ~ X ~ , Y S ~ ~ N O F ~ )  

1 4  F 3 R M A T (  4 x 9  5 3 H N O R Y A L I  Z A T I  O N  C O N S T A N T  OF F O U R T H  D A T A  SET T n  T H I R 9  I S  
X 

W R I T € (  t, 1 4 )  
W R I  T E (  6 , 6 0 1 0 )  C  S U B 4 3  
DO 3 8 0 5  I F 2 1  = 1 9 N O F 2  
Y S Z ( I F 2 1 )  = C S L i B 2 1  * Y S 2 ( I F 2 1 1  

3 8 0 5  E R 2 (  I F 2 1 1  = Z S U B 2 1  * E R 2 ( I F 2 1 )  
W R I T € (  CqQ 1 
W R I T E ( 6 ~ 4 0 1 0 ) ( X 2 ( 1 )  , Y S 2 ( I )  , E R 2 ( I ) v I  = 1 9 6 4 )  
D n  3 8 1 C  I F 3 1  = l t N D F 3  
Y S 3 (  I F 3 1 )  = C S L B 3 2 * C S U B 2 1 * Y S 3 ( I F 3 1 )  

3 8 1 0  E R 3 (  I F  3 1 )  = 5 S U B 3 2 * C S U B Z l * E R 3 ( I F 3 1 )  
W R I T E (  6 9 1 2 )  
h ' R I T E ( C ~ 6 0 1 0 ) ( X 3 ( I ~ ~ Y S 3 ( 1 )  c E R 3 ( I  ) , I  = 1 9 6 4 )  
DO 3 8 1 5  I F 4 1  = 1 q N O F 4  
Y  S 4 (  I F 4 1  = C  S U B 4 3 * C S U B 3 2 * C  S U B 2  1 * Y S 4 (  I F 4 1  I 

3 8 1 5  E R 4 (  I F 4 1 )  = CSUB43*CSUB32*CSUB2l*ER4(  I F 4 1  
1 5  F O R M A T (  5X 9 2 6 H N O R M A L I  Z E D  F O U R T H  D A T A  S E T )  

W R I T E (  6 9 1 5 )  
WRITE(6~hClO)(X4(I),YS4(I)rER4(1),1 = 1 9 6 4 )  
DO 3 8 2 6 :  I T I C  = l q N O F l  
X I Y T (  I T I C )  = X l ( I T I C I  
Y I V T ( I T I C 1  = Y S l ( I T 1 C )  

3 P 2 0  ERRO(  I T I C  = E R l ( 1 T I t  1 
C A L L  M E R S E ( X I N T ~ Y I N T ~ E R R O p N O F l ~ X 2 v Y S 2 p E R ? ~ N O F Z e N A L L )  
W R I T E  ( 6 ~ 1 0 )  
W R I T E (  6 e 6 0 1 0 ) ( X I U T ( I ) t Y I N T ( I )  , E R R O ( I  1 1 1  = 1 ~ 1 2 8 1  
N r J F M l  = V A L L  
CALL M F R G E ( X I N T 9 Y I N T v E R R O * N O F M l  , X 3 t Y S 3 r E R ?  v N O F 3 9 N A L L )  
WR l T E (  6 , 1 3 1  
W R I T E (  O p h O l O )  ( X I U T ( 1  ) r Y I N T ( I )  r E R R O ( I 1  r I  = 1 9 1 9 2 )  
Y O F M Z  = N A L L  
C A L L  M E R G E ~ X I N T ~ \ / I N T ~ E R R @ Q N O F M ~ ~ X ~ ~ Y S ~ ~ E R ~ ~ N O F ~ ~ N A I  L )  

1 6  F O R M A T ( I H 5 , 6 X e 3 7 H N O R M A L I Z A T I O N  OF F l R S P  FOUR D A T A  S E T S )  
W R I T E (  he 1 6 )  
W R I T E (  6 ~ 6 0 1 0 ) ( X I N V (  I )  p Y % N T ( % I  p E R R O t I !  9 %  = 1 s 2 5 6 )  

3 8 2 5  GO TC! 4000 



G EXPONENT IAL  PMOO T H I  NG OF- D A T A  POI NTS 
4000 NALkM - VALL - 1 

06 40%C I S R  = ZvNALLM 
D l U E N S  IBV E X S M ( 3 )  , E Y P M f 3 !  , E W S M f 3 1  
vniurc a 1 = VrMrc 11  
F X S H t  1 %  = X I N P ( 1 7 R  - 1) 
EXSrJ1f 2 )  = X I N T ( % L R !  
E X S M (  3 1  = N I N T ( I Z R  + 1 )  
FYSM( 1 )  = Y I I \ I T t I Z R  - 1 )  
E Y S Y ( 2 )  = Y I Y T ( I Z R )  
EYSM4 3 )  = Y I N T t  I Z R  + 1) 
FWSM( 1 )  = F R R O ( I Z R ) / E K R O ( I Z R  - 1)  
EUSM( 2 1 = 1.0 
EWSM( 3 )  = F R R O ( I  Z R )  / E R R O ( I Z R  + 1 1  

4C1O YYYT( t ZR J = NEXSMO (EXSM,FYSHpEW'jMl 
YMVT(NACLI  = YINT(rVACC) 
NALL  = N 4 L L  + 1 

C  INTERPOL4TION POINTS FOR FERDOR 
DATA( Z ( I  ) 9 1 = 1 9 2 5 6 ) / . 0 3 1 7 9 e 3 3 8 1 9 e O 4 C 4 , . ~ 5 0 8  q e 1 5 7 2 , . 0 6 2 4 p  - 3 7 6 2 9  a q A 8 9  

X, e 1 0 1 5 r . 1  205,. 1 3 9 5 ,  . 1 6 5 , . 1 9 6 9 9 . 2 2 6  v e 2 6 5 7 r  e 3 2 4 8 ~  e34929  e 3 9 3 7 ,  e4445v 
X.4953, " 5 5 2 4 ,  e 6 0 9 6 p  e6668, .  7239, .  781 '19 .8732 ¶ .8354 , .3525 r  e 9 5 7 5 r  1.Olht 
X1.016r  1 . 0 R O ~ 1 , 0 B ~ ~ L a 1 4 3 ~ 1 e 1 4 3 ~ 1 e 2 0 6 ~ 1 . 2 7 1 3 1 3 7  1 . 4  1.524,  1. 
X58759 l e651 ,1 .714 ,1 .77991 .  842 r1 .905 ,1 .9hR ,Le332  r 2 . 3 Q h v 7 . 1 5 9 .  2.7139 2 
Xe286q 2 . 3 5 0 c 2 e 4 1 3 r  2 . 4 7 6 , 2 e 5 4 , 2 . 6 6 7 ~ 2 m 7 Q 4 , 2 e 9 2 1  r 3 .P '43p3e175q  3 *2?3_ r  3 .  
X 4 2 q 9  3.556,3.683,3.  8 1 9 3 . 9 3 7  w 4 , 0 b 4 f 4 . 1 q 1  9 4 e 3 1 R v G . 4 4 5 , 4 . 5 7 ? r 4  , 6 9 9 ~  4 . 9  
X 2 6 9 4 . 9 5 3 ~  5 e 0 8 , 5 e 2 0 7 r 5 . 3 3 4 , 5 . 4 4 r 5 e 5 8 ~ 5 . 7 2 , 5 . 8 6 , 5 . 9 5 ~ h . ~ Q r h . 2 2 9  h a q 4 ,  
X 6 r 5 4 ,  6.73rh.32,7.ll~7~3Ot7.49p7e68~7e88~8e97 9 8 a 2 h v 8 . 4 4 9 8 e 6 4 9  8 , 8 2 9 9  
X . 0 2 ~ 9 ~ 2 1 ~ 9 . 4 0 ~ 9 r 5 8 ~ 9 e 7 9 ~ 9 o 9 7 ~ 1 3 ~ 1 6 r 1 0 ~ 3 5 q l ~ e 5 5 ~ 1 ~ ~ 7 3 ~ 1 G e 9 3 q  1 1 . 1 0 * 1  
X1.30v 1 4 3 * 0 , 0 /  

C  S P L I N E  F I T  
5 0 0 0  NALL  = NALL - 1 

CALL SPLN(X INT tYMNT,NALL ,  Z,YTEMP,1139 
CALL E9R3R (XINT,EKROpNALL 9ZeXTE q P 8 1 1 3 )  

5 0 1 0  KAS = 1 
5 0 1 5  IF (YTEMP(  KAS)eNE.OeOI  GO TO 5 0 3 0  

C  LOW ENERGY EXTRAQOLl iTION 
5 0 2 0  CALL E X T R A ( X I N T ( l ) @ Y M N T ( l )  M T ( 2 )  cYMNT(2 )  p X I N T ( 3 )  v Y M N T ( q ) v Z ( 4 A S ) p  

1YTEYP ( K A S )  t K 4  S)  
XTEMP(KAS1 = Y T E N P ( K A S ) * ( E R R O ( 1 1 / Y M N T ( l )  1 
KAS = KAS + 1 
GO TO 5 0 1 5  

5 0 3 0  N I R  = 1 
DO 5 0 3 5  L I N C  = 1 9 2 5 6  
I F (  YMNTfL I N C )  eGT.25.0) NALL  = L I N C  
I F (  YMY T ( L  INC ) .LEe 25.0)  GC) TO 5 0 3 6  

5 0 3 5  COYTINUE 
5 0 3 6  COVTIYLE 

DO 5 0 4 C  L R  = l V 1 1 3  
I F ( Y T E M P ( L R ) . G T e 2 5 . 0 )  GO TO 5 0 4 0  

C H I G H  FY ERGV EXTRAPOLATI ON 
CALL HIEXTf XINTlNALL-4) * Y M N T ( N A C t - 4 )  9X INT  [ N A L L - 3 )  p Y M Q T ( N A L L - 3 ) ,  

1 Y  I V T ( N A L L - 2 )  oYk(NT1'54LL-21 9 X I N T f N A L L - 1  pYMF.IT(YALL-1 ) ( X  I F J T ( \ 4 L L )  9 Y ' A \  
2 T f V A L L  ) , Z ( L R )  vYTEMP(LRI  r N I R )  
N l R  = 2 
X T E M P l L R )  = E R R O ( N 4 L L I  

504C C l Y  7 1 %  LF 
6CnO % R i T E i  t : p 6 U I o ) ~ z ~ I ) s Y f & N P ~ 1 1  p X ' T F M P ! f  1 , I = I , 1 1 3 1  

? P C  F O R M 4 T  ( 80H 
1 D 



2 0 1  F O R M A T (  1 ' 3 W  T O O  M A N Y  D A T A  S E T S )  
2 p 7  F 9 R v A I (  I S  I 
7P 5 F O R M A T  ( 114 L I 

bc  ac F a s M n v ( 3 s 1 [ ~ . ~ 1  
6 n ? C  PUUCH ?r)O 

P U N C Y  6 0 3 0 9 (  l p Y T E M P ( l  l p X T E M P l I  1 p Y = k  9 1 1 3 )  
6 r 3 0  F O P M A T ( 2 5 X s I  3 t 2 2 X r E I 0 e 3 p l 3 X s E l O . 3 :  

GO TO 1 
f N D  

$ I e F T C  L I N E R  D E C K  

S U B R O U T I N E  E R R O R (  X c Y r N c Z r  X T r I N T )  
C. ERROR E S T  I M A  TE 

D I M E N S I O V  X (  2 5 6 ) q Y (  2 5 6 )  t Z ( 2 5 6 )  c X T ( 2 5 6 )  
DO 40 I = 1 q I N T  
I F ( Z (  I ) e L T . X ( l ) e O R . Z ( I  ) e S T . X ( N )  1 X T ( I  1 = 0.0 
I F (  Z( I ) . L T e X (  l ) . O R . Z ( I  ) e G T e X ( N )  1 G O  T O  40 
I F ( ? . ( I ) . F Q . X ( L ) )  X T ( I )  = Y ( 1 )  
I F (  Z (  I ).EQ .X( 1 )  1 GO T O  40 
I F ( 2 (  I ) . E Q . X ( N )  1 X T ( 1  = Y ( N )  
I F ( L ( I ) e E Q . X I N ) )  GO T O  40 
DO 30 J = 2 q N  
I F ( Z (  I ) . L E . X ( J ) , A N D . Z ( I ) . G E . X ( J - 1 ) )  X T ( I )  = Y ( J - 1 )  + ( ( Y ( J ) - Y ( J - 1 ) )  

l / ( X ( J  ) - X (  J - L ) ) ) * ( Z ( I l - X ( J - 1 ) )  
30  C O N T I N U E  
4r! CCINTI rVUE 

RET!JRN 
E N D  

d I e F T C  W E X S  D E C K  

F U N C T I O N  W E X S M O ( X v Y , W )  
C W E I G H T E D  E X P O N E N T I A L  SMOOTH1 NG OF D A T A  

D I M E N S I O N  X ( 3 ) r Y ( 3 )  v W ( 3 )  q H ( 3 )  
D f l l J B L  E P R E C I S I O N  ZUCK , Z A C K , Z Q R P e A K E  r A K K q  A R P q F A R G O ,  A P P L E  
N A G  = C 
DO 11 K  = 1 9 7  
I F ( Y ( K  ) ) 1 2 , 1 1 ~ 1 1  

1 2  Y ( K )  = A 9 S ( Y ( K ) )  
N A G  = 1 

11 C O N T I N U E  
I F ( N A G )  13 ,60913 

1 3  W R I T F (  6 . 6 )  
6 F O P M A T ( 7 7 H J Y E G A T I  VE Y  V A L U E S  H A V E  B E F N  M A D E  P O S I T I V E  I N  C A L C U L A T I 3  

I N S  B E Y O N 3  T H I S  L I N E .  / / / I  
6 3  D n  1 3 0  r = 1,3  

ti( I )  = A L O G ( Y ( I 1 )  
130 C f l N T I Y U F  

Z U C K  = 0,ODO 
7 b C K  = 0,009 
Z O P P  = o,ono 
A X F  = 0 ,009  



A K K  = 0 , O D O  
ARP - 6,000 
DO 10 1 = 1 8 3  

ZULK = P U C K  c sir f 
P A C K  = Z A C K  + X(I)*W(Il 
L O R $  = znw 9 H ( E D * W ( I I  
AKE = AKE 9 X t I D * W ( E )  
AKK = AKK + W(%I*K(P)**2 

1 G  ARP = ARP + X ( I ) * H ( I ) * W ( I )  
FAqGO = ZUCKQAKK - ZACK*AKE 
I F (  FARSO) 399 2 0 9 3 0  

20 WRITF(  t p 8 )  
9 FnRMAT(30l- i  D  I V I  S I n N  BY ZERO NO SOLUTION. 1 

RETURN 
3 0  APPLE = (ZORP*AKK - ZACK+AKP) /FARGO 

ALPHA = DEXP(APPLE)  
BETA = ( Z UCK*ARP - ZOKPQhKE) /FARGO 
WEXSMO = ALPHA*EXP(BETA*X(Z)  
RETURN 
EN D  

$ I e F T C  NOW DECK 

SUBROUTIVE SSM( XVN) 
C F I V E  P O I N T  SlYIOnTHING OF DATA POINTS 

DIMENSIDV X ( 6 4 )  
DOUBLE PRECIS ION X D ( 6 4 )  r X L ( 6 4 )  
DO 1 0  I =  1,rV 

1 0  XD( I )  = X (  I )  
I F ( N . L T . 5 )  GO TO 5 0  
no 2(1 I = l , N  
I F ( X D (  1 )eGTeOeOI  X L ( 1  = D L O G l O ( X D ( 1 )  

2 0  COVTINUF 
XD( 1 )  = ( X L (  1) *69.QD3 + XL(2)*4 .0D1)  - XL(3)*5.7DP, + X l  (41*4 .nD0  - 

l X L (  5 )  /70.01)0 
X D ( 2 )  = ( XL( 1 ) * 2 . 0 9 0  t XL(2)*27,ODO + XL (3 ) *12 .01 )3  - X L ( 4 ) * 0 . ? D r !  + 

1 X i  ( 5 ) *2 .nD0) / ' 35 .ODO 
XD(N-  1 )  = ( X L ( N - 4 ) * Z e O D 0  - XL(N-3)*8.ODO + XL(N-21*12.qDO + X L ( Y - 1  

1 )+27.CDO + XL ( N  )QZ.  0 3 3 )  /35.00'3 
X D ( N ) = ( - X L ( N - 4 )  + XC(N-3)*4.ODO - XL(N-2 )  86 .300 + XL1 N - l ) * 4 . ? 0 9  + 

lXL(N)*b9. r3DO) /70. ODr) 
NY2  = N  - 2 
DO 3C I = 39NM2 

30 XD( I )  = ( - X L (  I - 2 ) * 3 . 0 0 0  + X L ( I - l ) * 1 2 . O D O  + XL[  I ) * 1 7 . ? D n  + XL(  I + l ) @  
112eODO - XL( I + 2 ) * 3 . 0 3 0 )  /35.9DO 

D'J 4 n  I = 1 r N  
4C X (  I )  = ( l G . O D O ) * * X D ( I  
5? RETURN 

Ehl O 



6 1 e k T b :  YUN DECK 

\ U R R O U P % N E  S M t X e N a X S )  
C F I V E  P ( 7 f ; V T  SMOCITWlNCr OF U A l A  P O I N T S  

O I W E M S  eou x r  6 4 . )  ,xsfe3.43 
Ct3U6LE P 7 E C I S I n N  X3664)  e X h . B 6 4 1  
DCi 10 I = l,id 

I 9  X D ( I )  = X ( I )  
I F ( N e L T a S 1  GO TO 50  
ncl 2 0  r = 1 , ~  
I F (  XD( 1) ,GT,O.O)  X L ( I )  = DLOGLO(XD(1 )  1 

2 0  C@'JT IYU€  
XD( 1 )  = ( XL(  1 ) * 6 9 . 0 3 0  + X L ( 2 ) * 4 . 0 D Q  - XL(3k*S,GD3 + X L ( 4 ) + 4 . " 0 0  - 

1XC( 5 )  )/7O.@DO 
X D ( 2 )  = ( X L ( 1 ) * 2 . 0 D O  i XL(2)*27.ODO + X L ( 3 ) * 1 2 . 0 0 0  - X L ( 4 ) * 8 . 0 D P  + 

1 XL ( 5 ) * 2 . 0 0 0 )  /35.9DO 
X D ( N - 1 )  = i X L  (N -4 ) *2 .0DO - X L ( N - 3 ) * B e Q D 0  + XL (N-Z ) * lZ .ODO + XL(N-1  

11*27 .000  + X L ( N ) * 2 , 0 3 0 )  / 3 5 . 0 0 0  
XD(N ) = ( - X L ( N - 4 )  + XL(N--31*4.@DO - X L ( N - 2 )  *6.3DO + XL(N-1)*4 .0DO + 

1XL(Y  ) * 6 9 . 0 0 0 )  /70.OD8 
NY2 = N  - 2  
On 3(, 1 = 3rNM2 

30  XD( I) = ( -XL(1-21*3 ,ODO + X L ( I - l ) * 1 2 , O D O  + X L ( I ) * 1 7 e q D r \  + XL(  1 + 1 ) *  
112 .0@0 - XL( 1 + 2 ) * 3 , 0 3 0 ) 9 3 5 . O D O  
DO 4 0  I = I r N  

4 0  XS( I )  = ( l O o O D O ) * * X D ( I  1 
R ETUP N  

5 0  0 0  6 0  I = I v N  
e c  x s c r )  = xcrr 

KETUP N 
END 

$ I @ F T C  MU0 DECK 

SUBROUTINE MERGE( XINTpVINToERRO,NOF1 v X 2 r Y 2  cER2rNOF7r  I F I N A L  1 
C MERGE P 3 U T I Y E  

D I Y E h S  IOV Y l ( 2 5 6 )  , V l ( 2 5 6 1  rER1  ( 2 5 6 )  9x2 ( 6 4 )  ,Y9 (6 /+  I , E R 2 ( 6 4 ) , Y  I N T (  2 5 6 )  
1 r Y  I N T (  256 vEP.R0(2561 

I F ( N O F l e G T , 2 5 6 ) S T O P  
DO 1 0  I = 1pNDF1 
X l (  I )  = X % N T ( I )  
'f1( 1 )  = Y I N T f I k  
E R 1 I I 1  = E R Z O ( 1 )  
X I U Y (  I )  = 0 - 0  
Y I N T (  I )  = o,n 

1 C  FRPO( I )  = 9,9 
1 5  I F F  = X 

IMF = 1 
!F INAL  = 1 

2 0  I F (  X I (  IFF  ),LT,X2( EMF)  I GO TO 45 
I F [ X E (  I F F  ),E3,XZ(%MF?? 6 0  T O  65 

2 5  X I N T f  I F I N A I I  = X 2 f f M F )  
Y P Y T !  I F I U A L !  = \d2! I I I IF)  
EWRO( I F I V B L B  = E R Z t  I Y F B  

3 f  I F (  IMF ,F3 ,NTrF 2 )  G O  TC 15 
I Y F  = %MF" + 1 



I F I N A L  = % F I N A L  + 1 
GO TO 20 

3 W F (  I F F e E 3 , N I ) F 1 )  GO TO 4 0  
IFZNAL = I F I N A L  + 1 

X I U T f  I F I V A L )  = X 1 l P F F )  
VYN' I (  I F I V A L )  = Y L ( I I F F )  
E F ~ P O f  WFIQAC) = E R L f I F F )  
I F F  = I F F  + Z 
GO un 35 

4 0  I F I N A L  = I F I N A L  + 1 
X I b l T (  I F I N A L )  = X l ( N O F 1 )  
Y  I V T (  I F I Y A L )  = Y l ( N O F 1 )  
ERRO( I F I i A L )  = E R l ( N O F 1 )  

4 4  RETURN 
45 X I I T (  I F I N A L )  = X l ( I F F )  

Y I Y T (  I F I N A L )  = Y l t I F F )  
ERRn( I F I N A L )  = E R L ( I F F 1  

5 0  I F (  I F F  e F 3  eN3F 1) GO TO 5 5  
I F F  = I F F  + 1 
I F I N A L  = I F I N A L  + 1 
GO TO 2(! 

5 5  I F (  IMF.Eg .NDFP) GO TO 6 0  
I F  INAL = I F I N A L  + 1 
X I N T (  I F I N A L )  = X Z t I M F  
Y I Y T (  I F I V A L )  = V Z ( I M F )  
ERRn( I F I Y A L )  = E R 2 ( I Y F )  
I M F  = IMF t 1 
GD Tn  5 5  

60 I F I N A L  = I F I N A L  + 1 
X I N T (  I F I N A L )  = X 2 ( N O F 2 )  
Y I V T (  I F I V A L )  = v 2 ( N O F 2 )  
ERRfl(  I F I N A L )  = E R 2 ( N 9 F 2 )  
RETURY 

6 5  I F ( E R  1 ( I F F ) . L T . E K 2 ( I M F )  GO TO 70  
X I V T (  I F I I J A L )  = X 2 ( f M C )  
Y I V T (  I F I V A L )  = Y Z ( I Y F )  
E R R O (  I F I V A L )  = E R Z ( I Y F )  
I F (  I F F  .E3 .N3F 1 )  G O  Tq 44 
I F F  = I F F +  1 
GO TO 3n 

76  X I N T (  I F I N A L )  = X l ( I F F )  
Y  I V T (  I F I V A L )  = Y l  ( I F F )  
EP.RO( I F I ' \ I A L )  = E R l f I F F )  
I F (  IMF.F3 . N 3 F 2 1  I F F  = I F F  + 1 
I F (  IMF.E3 .NOF2) GO TTJ 35 
I M F  = IMF + 1 
GO vn 5 0  
END 

S I B F T C  P K E X T R  DECK 

S U B R O U I I Y E  E X T R A ( X l w Y 1  P X Z  * Y Z e X 3 , V 3 , X I N T p Y I N T p K R 2 )  
C i O i i  E;\IFPrJY E X T P A P n L A T I f l r \ !  

D I Y F N S I O U  X ( ? ) s V ( 3 ) p W f 3 )  s H ( 3 )  
D O i l R C  f P2  E C  f C I f l N  T U C K  , L A C  I ( , IQRP,  A K t  , A K K , & R P , F A R G o ,  A P P b F  
I F (  K4 3 , G I ,  1 I G O  TO 1000 



Y 4 G  = e 
W (  1 9  = l Q e O  
L J ( , 1 )  = % * 9  
W !  3 )  = o * a o  
X ( l !  = X l  
X ( Z )  = Xi?  
X ( 3 )  = X3  
Y ( b )  = Y l  
Y ( 2 )  = v 2  
Y ( 3 )  = Y 3  
00 11 K = 1.3 
I F ( Y ( K ) ) 1 2 ~ 1 1 9 1 1  

1 2  Y ( C )  = A d S ( Y ( K ) )  
NAG = 1 

11 Cf lYTINIJE 
I F ( P I A G )  1 3 9 6 3 ~ 1 3  

l ?  C!HITF( 6 9 6 )  
6 F 3 R M A T ( 7 7 H J Y F G A T I  VE Y  VALUES HAVE REEN MADE P O S I T I V E  I N  CALC I L A T  1 3  

1YS B E Y O N D  T H I S  L I N E .  / / / I  
6 C  00 1 3 0  I = 1 9 3  

H ( I J  = A L O G ( Y ( 1 ) )  
13C C O Y T I Q L F  

ZUCK = 0.ODC) 
ZACK = P.OD9 
Z0KP = O.ODG 
AKE = 0.ODO 
AYK = C).OD3 
ARP = 0.003 
DC) 1 0  I = 1 v 3  
ZUCK = ZUCK + W ( I  1 
TACK = ZACK + X ( I ) * W ( I  1 
ZDKP = ZQRP + H (  I ) * W (  I )  
AKF = AKF + X( I ) * W ( I  J 
AKK = AKY + W( I ) * X ( I ) * * 2  

1 0  ARP = ARP + X ( I J * 4 ( I  ) * W ( I  1 
F A R G n  = ZUCKcAKK - ZACK*AKE 
IF( F A R G O )  33, 2 0 9 3 n  

2 0  W R I T F (  6 9 8 )  
F n q M A T ( 3 0 H  9 I V I S I O Y  BY  ZEPO NO SOLUTION. 1 
RETURN 

30  4 P p L F  = ( ZORP*AKK - ZACK*ARP) /FARGO 
ALPHA = D E X P ( A P P L E 1  
BETA = (ZUCK*ARP - ZORP*AKE /FARGO 

1CC3 Y I N T  = ALPH4 * E X P ( R E T A * X I N T )  
KETURN 

END 

S I B F T C  UP DECK 

SUBROUTINE DSUM(NROWrNSUMl,NSUM2 (MI 9 1  , I Z E )  
C  iul I N  Iln UW F I N 3  I N G  RDUTI  NE 

DIMENS ION NROWf 6 4 )  tNSUML ( 6 4 )  eNSUP2 ( 6 4 )  
H L S T  = itti 

2 FDRMBTt l H  p9HDSUML E R R t I B )  
K = I  
W R I T F f  C v  3 ) N R D W s I  



3 F 3 K M A T ( 1 6 1 7 / b h 1 7 / 1 6 S 7 P 1 6 I 7 / 1 5 I  
D? 10 ! I  l o 6 4  

10 A f  I I )  = h d R O \ d ( i i l l  
I F (  M I  , E Q - O I  GO vll 1 2  
I F ( M I  , E Q e I P E I  GO TO 60  
GO TO 100 

1 2  !F(  A (  I Z E + 1 !  e G T e l 0 0 e  0eOR.A ( 1  E E + 2 !  e G T . 1 3 0 * ( 1 ?  Gn TO 2 9  
I F (  A (  1 7 1 E + 3 ) . G T . l O r ) . O . O R . A ( I  Z E + 4 )  . S T . l O O . O )  G O  T O  2 7  
c,n T n  co 

2P I A  = ? + I Z E  
2 5  I F (  A (  I A - 1  ) . G T . A ( I A )  . A N D . A ( I A )  e L T . A ( I A + l I )  G O  T O  3 3  

I F ( A (  IA-2).GTeA(IA).ANI).(A(IAI.EQ.A(IA-l)eAND.A(IA)eLT.A( I A + l ) ) )  G  
10 T O  3 C  

I F (  ( ( A (  I A - 3 ) . G T e A ( I A ) e A N O . A ( I A )  E A A - 1  A N D  A  A I A - 2 ) ) .  
l A N D . A (  I A )  . L T . A ( I A + l ) )  S O  T O  3 0  

I F ( A (  I A ) . E Q . O . O )  GO T O  40 
2 6  I A  = I A +  1 

I F (  I A S C E .  6 4 ) W R I  TE ( 6 9 2 )  I A  
G[3 TO 25 

30 I F ( A (  I A ) . G E . ( A ( I A + l ) - 3 .  C*SQRTtA(IA+l))).OR.(A(IA).GT.A( I A + i l ) )  GO 
X T O  35 

G(3 TT, 40 
3 5  I F ( ( A (  I A + 2 ) - A ( I A ) ) . L T . C . Q ) G O  T O  2 6  

I F (  ( A (  I A + 3 ) - A (  I A )  ) . L T . O . r ) ) S O  T O  2 6  
I F (  ( A (  I A + 4 ) - A (  I A )  ) . L T . O . Q ) G O  T O  2 6  

40 I S U M l  = 0 
I S U M 2  = n 
I f 3  = I A - 1  
IC = I A  + 1 
DO 45 I R  = 1 9  I B  

4 5  I S U M 1  = I S U M 1  + N R O W ( I R 1  
I S U M l  = I S U E A l  + N R . C ) W ( I A ) / Z  
I S U M 2  = Y R O W ( I A ) / 2  
DO 50 I S  = I C 9 6 4  

50 I S U M 2  = I S U Y 2  + N R O W ( 1 S )  
I F ( N R O W (  I A ) . G T .  I S U M 2 /  7 )  I S U M 2  = O 
IF(NKOI. ; (  I A  ) . G f . I S U Y 2 /  7 )  I S U M 1  = O 
I F ( N R ! ) w ( I A ) . G T . I S U M ~ /  7 )  I A  = O 
I F (  I S U M Z  e E Q . 9 )  G O  T O  5 1  
I F (  ( I S L M l / I S U M 2 ) e L E . 1 0 0 0 0 )  G O  T O  5 1  
I A  = 0 
I S l l M  1 = 0 
I S U V 2  = 0 

5 1  M I  = I 4  
N S U M l ( K )  = I S U M l  
N S U M Z (  K )  = I S U M 2  

7 0 0 0  F ! 9 R M A T ( 5 X , 2 4 H M I N I M U M  C O L U M N  A B O V E  I S  , 1 2 1  
W R I T F (  t p 7 0 0 0 ) M I  
R E T UP. N 

60 I F ( A Y A X l (  A (  I Z E t l )  c A ( I  Z E t Z )  9 A ( I  Z E + 3 )  e E Q . U e : ) )  G O  TO65 
GO TO 75 

t 5  I A  = I Z F  
I S U M l  = 3 
?SUM2 = O 
on 7c rr = i , 6 4  

7 0  I S U M 2  = I S U Y Z  + N R O W ( I Z )  
GCI TO F a  

7 5  I A  - I Z E  + 3 



76 I F (  A6 %4)eE4*0,O,AN0,4 ( 1 8 - 1  ~ ~ t O ~ O a O ~ G 0  r O  B C  
!A = [ A +  1 
I F [  I A m F Q m 4 4 ) W R I T E  6692)IA 
60 TO 76 

8 C  I A  = [ A - B  
I SUM I = 0 
I SUM2 = 6 
Df l  85  I Z Z  = 1 , I A  

8 5  I S U M 1  = I S U M 1  + + N R O W ( I  Z Z )  
03 90 I Z Z  1 = I A , A 4  

90 1 S U M 2  = I S U M 2  + N R O W ( 1  Z Z l )  
G 3  T f l  5 1  

10r; I F ( M 1 - 5 G T . I I E ) I A  = M I  - 5  
I F ( M 1 - 5 . G T . I Z E ) G O  TO 2 5  
GO T17 2 0  
EN rl 

$ I B F T C  Z ING D E C K  

F U N C T I O N  C O N ( X , Y v N v X F  9 Y F w M )  
C  N 3 R M A L  I ZAT I O N  C O N S T A N T  R O U T I N E  

D I M E % S I f l V  X ( 2 5 6 )  p Y ( 2 5 6 )  9 x 1  ( 2 5 6 )  9 Y 1  ( 2 5 6 )  r Y S  ( 2 5 6 )  9 X F ( 6 4 ) 9 Y F (  6 4 )  
Dn 10 I =  l r 6 4  
X L (  I )  = X F ( I )  
Y 1 (  I )  = Y F f I )  

1 C  Y S ( 1 )  = 9.0 
C A L L  S P L Y  ( X v Y  V N ~ X L ~ Y S I M )  
C O V F  = 0.0 
D I V  = C.0 
DO 2 0  I = l r 6 4  
I F ( Y S (  I ) e N E . O . O ) D I V  = D I V +  1.0 
I F ( Y S (  I ) . N E . O . O )  C O N F  = C O N F  + Y S ( I ) / Y l ( I )  

2 n  CONTINUE 
CON = C O V F / D I V  
R F T U R Y  
EN D  

$ I @ F T C  D U B  DECK 

S U B R D U T I h f E  R D  
C  R E A D  R O U T I N E  

COYMOrJ I 4  
D I M E N S I O U  I A ( 6 4 , 6 4 )  
N A Y E L  I S T / F E S S / I A  

1 READ( 5 r F E  S S )  
R E T U R N  
E N D  



6 % $ F V &  P O S T E X  DECK 

S U B R U U V I V E  H I E X i t  A l  v V b  9 x 2  , V Z B X ~ , Y ~ P ~ X ~  ~ Y P ~ B ~ ( ~ ~ Y ~ ~ X % N T ~ Y % : M T ~ K ~ ~ )  
C H I G H  E N F K G H X X T A P O L A T i i  ON R O U T 1  NL" 

D I M E N S I O V  X ( 5 )  p Y (  5 )  s W ( 5 )  p y ( 5 )  
D O l l B L E  P i E C I $ ! O N  l l J C K  ? Z A C K i . Z f ? U P ? A K E  ? A K b < , b R P , F & U G O : A P P t F  
I F ( K S A . G T . 1 )  GO T O  1 3 0 0  

N A G  = C 
W( 1 )  = 1.0 
W ( 7 )  = 2.0 
W ( 3 )  = 4 . 0  
W ( 4 )  = 8.0 
W ( 5 )  = 16.00 
X ( 1 )  = X I  
X (  2 )  = X 2  
X ( 3 )  = X 3  
X ( 4 )  = X 4  
X ( 5 )  = X 5  
Y ( 1 )  = Y 1  
Y ( 2 )  = Y 2  
Y ( 3 )  = Y 3  
Y ( 4 )  = Y 4  
V ( 5 )  = V 5  
Df l  11 K  = 1 9 5  
I F ( Y ( K  111 2 9 1 1 9 1 1  

1 2  Y ( K )  = A B S ( Y ( K ) )  
N A G  = I 

I 1  C n N T I N U E  
I F ( N A G )  1 3 , 6 0 * 1 3  

1 3  W P I T E t  6 . 6 )  
6 F O R M A T ( 7 7 H J Y E G A T I V E  Y V A L U E S  H A V E  B E E N  M A D E  P O S I T I V E  I N  C A L C U L A T I 3  

I N S  BFYOND T H I S  L I N E .  / / / I  
6 0  P f l  170  I = 1 ~ 5  

H ( I )  = A L O G ( Y ( I ) )  
130  C O q T I N U E  

Z U C K  = 0 . 0 D O  
T A C K  = O . O D n  
7 0 R P  = C. O D 0  
A K F  = O . W C  
A K K  = C . O D 9  
A R P  = O . O D 0  
D7 1C I = 1 9 5  
Z U C K  = Z U C K  + W ( I  
Z A C K  = Z A C K  + X I I  ) * W ( I  ) 
Z D R P  = Z D Q P  + H ( I  ) * W (  I )  
A K F  = A K F  + X ( I ) * W ( I )  
A K K  = AK< + W ( I ) * X ( I ) * * Z  

1r) A U P  = AKP + X (  I ) * H ( I  ) * W ( I  ) 
F A R G 3  = Z U C K * A K K  - Z A C K * A K E  
I F ( F A R G 0 )  3 r ) r 2 0 9 3 0  

2" W R I T F [  f , R I  
8 F D D M A T ( 3 n l - 1  r ) I V I S I O N  B Y  Z k U f l  NO S O L I J T I O N , )  

R F T U R M  
30 A P P L F  = ( Z O U P * Z K K  - Z A C K * A U P )  I F B W G O  

A L P H A  = D F X P  ( A P P L E  
A F T A  = t Z U C k * A R P  - Z O R F a A K E  1 / F A R G O  

B l C i O  V % Y T  = ALP144 * E X P ( B E T A * X I N T I  
R F T t l R N  
FN D 



S I C I I T G  S C R E  OEC K 

S U B R O U T I N E  $ P L N ( X s Y s N e  Z B Y I  N T p M B X )  
C SPL I N E  R O U T E Y E  

D % . i F N S B ; O U  X (  2 5 6 1 e Y l 2 5 6 )  p L ( 2 5 6 1  e V I k l T f 2 5 6 )  
DDUBLE P i E C I S I O R  S ( 2 5 6 )  ( 8 . i 2 5 6 )  r B ( 2 5 b )  e C ( 2 5 6 1  e F f 2 5 6 %  i w !  2 5 0 )  p S F 3 c  2 5 6 ;  

l r C (  7 5 6  ) , E M ( 2 5 6 )  r 3 Y O X ( 2 5 6 )  ,DZYDXt256 )  oCURVt2 '55  ) v R A O t  256 1 *SJM( 7 5 6 )  
DO 1 0  I = 2.N 

1 0  S( I )  = X( I )  - X ( I - 1 )  
N D = N -  1 
I F (  2.GT.NO) GO TO 2 5  
no 20  I = 2, NO 
A( 1 )  = S( I I / B . O  
B (  I )  = ( S (  I ) + S ( 1 + 1 1  ) / 3 . 0  
C (  I )  = S(  l + l ) / b . O  

2 0  F (  1 1  = (Y(I+l)-Y(I))/S(I+l)-(Y(1)-Y(I-l))/S(I) 
25 A ( Y  = -0.50 

B (  1 ) =  1.0 
B ( N l =  1.0 
C ( 1 )  = -0 .50 
F (  1 )  = 0.0 
F ( N )  = 0.0 
W ( 1 )  = B ( 1 )  
SB( 1 )  = C (  l ) / W ( l )  
G( 1 )  = 0.0 
00 30 I = 2.N 
W (  I) = B (  I ) - A ( I ) * S B ( I - 1 1  
SB( 1 )  = C ( I ) / N ( f )  

3 0  G( I )  = ( F ( I ) - A ( I ) * G ( 1 - 1 ) ) / W ( I )  
E M ( N )  = G ( N )  
DO 49 I = 2pN 
K = N  + 1 - I  

4rl E M ( K )  = G ( K )  - s B ( K ) * E Y ( K + ~ )  
S U Y ( 1 )  = 0.0 
00 4 5  I = 29N 

4 5  SUM( I)=SUM(I-l)+S(I)*(Y(I)+Y(I-l))/2.-S(II++3*(EM( I ) + E M (  1-11 1 / 2 4 .  
DO 90 I = 1,MAX 
K = 2 
I F ( Z (  I F X (  1 )  6 0 , 5 0 9 7 9  

5 0  Y I V T t  I ) = Y ( l )  
GO TO E6 

60 I F ( Z ( I ) . L T e X ( l ) )  Y I N T ( 1 )  = 0.0 
I F (  Z(  I I e L  T e X (  1 )  GO T O  90 
GO T3 R5 

t 5  I F ( Z (  I ) .GTeX(N)  Y I N T ( 1 )  = 0.0 
I F ( Z (  I )eGT.X(N) I GO TO 90 
K = N  
GD Tfl € 5  

7C I F (  Z (  1 ) - X ( K ) )  8 5 ~ 7 5 r B O  
7 5  Y I Y T (  I )  = Y ( K I  

GO TO P 6  
8 Q K  = K  4 1 

I F ( K - N )  7 0 r 7 0 e 6 5  
8 5  Y I N T I  1 )=EMIK-l)*(X(K)-Z(IB)**3/6,/S(K)+EM(K! * ( Z ( i t ) - X ( I ( - I I ) * * 3 / 6 .  

~ / S ( K ) + ( V ( K ) / S ~ K ) - E M ( K ) * S ( K ) / ~ ~ ~ * ~ Z ( I  1 - X f K - 1 1  ) + ( V ( K - l ! / S ( K b - F M l  K - 1 )  
2+S(K)/C.)+(X(#)-PII!D 

8 6  D Y D X i  1 I = - F M ~ K - L  I *  o ( ( K I - % ( I  1 ) * * 2 / 2 . 0 / S a K , + E H t ~ )  * l X (  K - 1  ! - P t  !! l )**2/1. 
b O / S ( K  D + ( Y  l K ) - Y i K - I 1  D / S ( K I - ( E M ( K ) - E M ( K - l ) )  * S ( K 1 / 6 . 1  

D 2 V D X t  1 )  = E M ( K - - l 5 * ( X f K ) - E i B )  ) I S I K i + E Y ( K ) * ( P (  1 ) - X I K - l  R B/S1 K )  
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Figure I .  - Portion of output display of two-dimensional analyzer. (CS 46341) 
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Figure 2. -Ser ies of pulse height distributions obtained using stilbene 
and polonium-210 - beryl l ium source (ref. 2). 

l3PREJUD - FERDOR 
LZmHAND - FERDOR 

Neutron energy, MeV 

Figure 3. -P lu ton ium beryl l ium spectra unfolded by FERDOR input  prepared manually and by PREJUD. 
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